Prepubertal heifers were used to examine repeatability of prolactin (PRL) and growth hormone (GH) responses to thyrotropin releasing hormone (TRH) stimulation, and to determine effects of various doses and routes of administration of TRH on serum PRL and GH concentrations. Baseline concentrations of PRL and GH prior to intravenous (IV) injection of TRH in eight heifers were correlated (r = .64 and .60, respectively) with magnitude of. the post-TRH response. Correlation coefficients for repeatability of baseline concentrations of PRL and GH (within heifer among 4 days of sampling) were. 27 and. 37, respectively, whereas repeatability estimates for serum hormone response areas following 10/2g TRH were .61 for PRL and .35 for GH.
attained at 12, 14 and 22 rnin, respectively. In another experiment with four heifers, areas under serum PRL or GH response curves increased similarly during a 120-min sampling period after IV or SC administration of 50/ag TRH. Thus, route of administration of TRH affected peak heights and rate of increase in serum PRL and GH, but not total amount of PRL or GH released over a 120-min period. (Key Words: Prolactin, Growth Hormone, Thyrotropin Releasing Hormone, Cattle.) Tashjian et al. (1971) observed that thyrotropin releasing hormone (TRH) increased prolactin (PRL) and suppressed growth hormone (GH) release from cloned rat pituitary tumor cells. Subsequently, PRL release following TRH administration was found in mature bulls (Convey et aL, 1974; Tucker et al., 1974) , cows (Convey et al., 1973; Kelly et al., 1973) , sheep (Fell et al., 1973) , rats (Blake, 1974) and humans (Bowers et al., 1973; Jacobs et al., 1973) . Also, Convey et al. (1973) observed increased serum GL following TRH injections into lactating cows. The present investigation was conducted with prepubertal heifers to determine: 1) repeatability of PRL and GH responses to a single intravenous injection of TRH on each of 4 days; and 2) the effects of various doses and routes of administration of TRH on the release of PRL and GH~ Since PRL and GH have been implicated in the control of mammary and body growth and lactation, these data may provide a basis for future studies designed to predict quantitative differences in productive traits of cattle from serum hormone concentrations.
I NTR ODUCTI ON

MATERIALS AND METHODS
Holstein heifers, 4 to 5 months of age, weighing 125 to 148 kg with free access to feed 681 JOURNAL OF ANIMAL SCIENCE, Vol. 42, No. 3, 1976 and water, were used in these experiments. Collections of blood and intravenous (IV) injections were via polyvinyl jugular cannulae. To condition heifers to the blood sampling procedure and thereby establish stable baseline values for PRL (Tucker, 1971) , blood samples were collected and discarded (not assayed for hormones) at 15-rain intervals for 2 to 3 hr beginning at 0900 hours. Thereafter, blood samples were collected for hormone assay at various intervals before and after TRH or NaC1 administration. Injection of TRH or NaC1 was between 1200 and 1300 hours. Sera were prepared from the blood samples and stored at -20 C until assayed for PRL (Tucker, 1971; Koprowski and Tucker, 1971) and GH (Purchas et al., 1970) . To be in the most sensitive portion of the standard curve for PRL, dilution duplicates ranged from 4 and 8 to 20 and 40 ul of serum, depending upon serum PRL concentration. For GH the dilution duplicates ranged from 40 and 80 to 125 and 250 ul serum.
Experiment 1.
To determine repeatability of changes in serum PRL and GH concentrations in response to a given dose of TRH, eight heifers received one IV injection of 10/ag TRH in 10 ml .85% NaC1 on days 1, 2, 4 and 8. Blood for hormone analyses was collected before and after TRH at times shown in table 1.
Experiment 2. The effects of various doses
of TRH on serum PRL and GH was measured in six heifers. Each heifer received IV, in a sequence determined at random, either 10 ml .85% NaC1 or 5, 10, 25, 50 or 100/~g TRH in 10 ml .85% NaC1 during 6 consecutive days. However, only one heifer received a given dose on any day. Blood sampling before and after TRH is shown in table 1.
Experiment 3. The six heifers from Experiment 2 were used subsequently to determine the effect of route of administration of TRH on serum PRL and GH concentration during 30 rain after TRH was given. An interval of 24 hr was allowed between the last injection of TRH or saline in Experiment 2 and the start of Experiment 3. On day one, two heifers were injected IV, two were injected intramuscularly (IM) and two were injected subcutaneously (SC) with 1 ml of .85% NaCI. Between days two and seven, each heifer received, in a sequence determined at random, either 10 or 25 /~g TRH in 1 ml .85% NaC1 injected IV, IM or SC. Each combination of dose and route of administration was given only once on a given day. Injections of NaC1 were repeated on day eight. However, no heifer received the same route of administration as on day one. Thus, each heifer received only two of the three possible routes of administration of NaC1.
Experiment 4.
Results from the third experiment indicated that serum PRL may not have reached maximal concentrations during 30 rain after TRH administration, nor were the doses sufficiently great to achieve concentrations of PRL or GH which were as great as those in Experiment 2. Thus, in this experiment four heifers were injected IV or SC in random sequence during 4 consecutive days with either 1 ml .85% NaC1 or 50 /ag TRH in 1 ml .85% NaC1. However, no combination was administered more than once on a given day. Blood samples were collected for 2 hr after treatment (table 1) .
Analyses of Data.
Average baseline concentrations (ng/ml) of PRL or GH prior to TRH were calculated for each heifer on each day. This value was subtracted within animal from subsequent corresponding hormone concentrations measured at each post-treatment sampling time. These adjusted values (ng/ml) were plot- -30, -15, -10, -5, 0 4, 6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 45, 60 2 & 3 -30, -25, -20, -15 4, 6, 8, 10, 12, 14, 16 -10, -5, 0 18, 20, 25, 30, 45, 60 4 -15, -10, -5, 0 4, 6, 8, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 aMin relative to TRH administration. aOverall serum hormone concentrations (ng/ml) before TRH averaged 39 for PRL and five for GH.
blntegrated area of plot of hormone concentrations for 30 rain after NaCI or TRH minus baselines before NaCI or TRH respectively. Values are means -+ standard errors (n = 6).
ted against time (min) and a three degree least squares polynomial curve was computed. The area under this hormone response curve was integrated and expressed as ng ml "l minutes. Analysis of variance, regression analysis and comparisons of individual hormone response curve area means by Dunnett's test (Kirk, 1968) were used for statistical purposes. In addition, average hormone concentrations at the post-treatment peak and average time (min) required to achieve peak hormone concentrations were calculated for each experiment.
R ESU LTS
Experiment I. Serum PRL concentrations, averaged across the 4 days, increased from a baseline value of 16 ng/ml to a peak of 81 ng/ml at 7 min after IV administration of 10 gig TRH. The correlation coefficient (within heifers) between average serum PRL concentrations before TRH and maximum PRL concentrations after TRH was .64 (P<.01). Magnitude of increase in serum PRL concentration as measured by areas under the response curve (ng m1-1 min) after administration of TRH averaged 1,393, 1,532, 1,381 and 1,585 on days 1, 2, 4 and 8, respectively. These means were not different from each other (P>.05). Repeatability coefficients of average baseline concentrations for PRL (within heifers, among four days of sampling) was .27, whereas repeatability of the area under the PRL response curve after TRH administration was .61.
Baseline serum GH concentrations prior to TRH averaged 8 ng/ml and increased to a maximum of 21 ng/ml at 10 rain after TRH. The correlation coefficient between serum GH concentrations measured before TRH and maximum GH concentrations after TRH was .60 (P<.01). The increase in serum GH after TRH averaged 148, 102, 102 and 142 ng ml "l min on days 1, 2, 4 and 8, respectively. There were no differences among means (P>.05). Repeatability coefficients for baseline serum concentrations of GH and post-TRH response areas (calculated within heifers, among 4 days of sampling) were. 37 and. 35, respectively. Experiment 2. Overall, baseline concentrations of PRL in serum before TRH averaged 39 ng/ml. Injection of .85% NaC1 did not affect (P>.05) serum PRL concentrations. Increasing the dose of TRH from 5 to 100 gig increased peak serum PRL from 145 to 277 ng/ml, but had little effect on time required to achieve these peaks (table 2). Doses of TRH and heifers affected (P<.01) the areas under the PRL response curves. The quantity of PRL released increased linearly (P<.01) with increases in the log of the dose of TRH. Although the average PRL response curve areas appeared to plateau between 50 and 100 gig TRH, the quadratic component of regression for these data was not blntegrated area of plot of hormone concentration for 30 min after NaCI or TRH minus baselines before NaCI or TRH, respectively. Values are means • standard errors (n = 4 for heifers receiving NaCI; n = 6 for heifers receiving 10 or 25 t~g TRH).
significant (P>.05).
Serum GH concentrations before TRH administration averaged 5 ng/ml. Serum GH increased to peaks of 11 to 42 ng/ml following injections of 5 to 100 #g TRH (table 2). The peaks were attained 5 to 11 rain after TRH was administered. Dosage of TRH and heifers affected (P<~.01) the quantity of GH released, as measured by area under the response curve, but NaCI did not (P>.05). Furthermore, area under the GH response curve increased linearly (P<.01) with increasing log of the TRH dose.
Experiment 3. Before TRH was given serum PRL averaged 22 ng/ml. There was no PRL response to the IV, IM or SC administration of NaC1 (P>.05). Maximum serum PRL concentrations after IV administration of 10 or 25 #g TRH occurred within 7 and 9 min, and averaged 145 and 174 ng/ml, respectively (table 3) . Following IM or SC administration of TRH the peak heights were lower and the times required to reach the peaks were longer than those listed above for IV injections. Doses of TRH, routes of administration and heifers affected (P~.01) areas under the serum PRL response curve. In addition, there was a dose X route interaction aOverall serum GH concentrations (ng/ml) before TRH averaged seven.
blntegrated area of plot of hormone concentrations for 30 min after NaCI or TRH minus baselines before NaCI or TRH, respectively. Values are means -+ standard errors (n = 6).
(P<.05). In comparison with NaCI controls, the serum PRL response was greater after IV administration of 10 (P<.05) or 25 (P,(.01)/tg TRH. Although mean PRL response curve areas after 10 or 25 /ag TRH administered IM or SC were numerically greater than control response areas, they were not significantly different. Areas under the PRL response curve after 10/ag TRH injected IV were greater (P<.05) than that after IM administration of TRH. On the other hand, PRL response areas after 10 /ag TRH administered IM or SC were not different (P>.05) from each other. Nor were the areas under the PRL response curve different (P>.05) after IV, IM or SC injections of 25 btg TRH.
Overall serum GH baseline concentration averaged 7 ng/ml before TRH treatment. Injection of NaC1 via any of the routes tested did not increase serum GH (P>.05). The means of maximum GH concentrations following IV, IM and SC injections of 10 #g TRH were 24, 14 and 11 ng/ml and they were attained at 7, 19 and 18 min, respectively (table 4). Following 25 /lg TRH, serum GH peaks averaged 35, 25 and 14 ng/ml and occurred at 12, 14 and 22 rain, respectively. Doses of TRH, routes of administration, heifers (P<~.01) and interaction of doses and routes (P<.05) affected areas under the serum GH response curves. Intravenous administration of 10 or 25 /ag TRH increased serum GH response areas above controis (P~05; P<(.05, respectively). However, neither IM nor SC administration of 10 or 25 /ag TRH increased (P>.05) the GH response curve area over that of NaCI controls. In addition, GH response areas after IV, IM or SC administration of 25 /ag TRH did not differ from each other.
Experiment 4. Serum PRL concentrations averaged 17 ng/ml before injection of 50 /~g TRH. Maximum PRL concentrations after IV and SC injections of TRH averaged 119 and 81 ng/ml, respectively, and these peaks were attained 7 and 46 min after TRH administration, respectively. Administration of TRH by IV or SC routes increased (I~.01) magnitude of PRL release above that of NaCI controls (table 5) , but there was no difference in area under the PRL response curve (P>.05) between IV and SC routes of TRH administration. Serum GH concentrations increased from 4 ng/ml before TRH to peaks of 28 and 17 ng/ml after IV and SC injections of 50 /~g TRH, respectively. The time required to achieve these peaks was 8 and 28 rain, respectively. One heifer did not reach maximal GH concentration (16 ng/ml) until 70 rain after IV injection of TRH. In the author's opinion this release was not associated with the TRH injection; thus, GH data after IV administration of 50/~g TRH for this heifer were excluded. The area under the GH response curves after IV injection of 50 /~g TRH was greater (P(.05) than that for NaC1 controls (table 5) ; whereas, the response to SC injection of 50 ktg TRH was not different from controls (P>.05).
Discussion
The present study extends to prepubertal female calves the finding that administration of TRH releases PRL and GH in mature bulls (Convey et al., 1973; Tucker et al., 1974) and cows (Schams, 1972; Convey et al., 1973 ; Kelly et al., 1973) . Convey et al. (1973) and Kelly et al. (1973) reported that serum PRL concentrations were not clearly related to the dose of TRH administered in lactating cows. In contrast, the responses observed in prepubertal aArea of plot of hormone concentrations for 120 min after NaCI or TRH minus baselines before NaCI or TRH, respectively. Values are means -+ standard errors (n = 4, except for GH after IV administration of 50 ~ag TRH where n = 3).
heifers were linearly related to the log of the dose of TRH. Fell et al. (1973) also reported a dose-related PRL response to TRH in anestrous ewes. Furthermore, Noel et al. (1974) reported a dose response of PRL to continuous infusion of TRH in humans. We speculate that serum PRL concentrations in calves may be more stable than those in lactating cows; thus, with greater endogenous variation the dose responsiveness to exogenous TRH may have been masked in those studies using lactating cows.
Although integrated areas under serum PRL and GH response curves increased with the log of the dose of TRH, eventually a point was reached where additional TRH did not cause a further increase in hormone response. This point may represent the maximum capacity of the anterior pituitary to release PRL and GH to a given stimulus. These results are in agreement with those published by Tucker et al. (1975) in which they suggested that a ceiling exists in postpubertal heifers and lactating cows for release of PRL and GH in response to constant infusion or multiple injections of TRH. These workers further showed that this ceiling to secrete PRL and GH could be overcome with application of a second heterologous stimulus such as milking or injection of prostaglandin F2~.
The repeatability estimate of serum PRL response areas (.61) from day to day to an IV injection of 10/ag of TRH was nearly twice that for GH (.35). Furthermore, the serum PRL increase in heifers was of greater magnitude than the GH increase after TRH. Perhaps a dose of TRH larger than 10 /ag would have maximazed GH release .and resulted in a greater repeatability estimate for GH. The repeatability of the PRL response curve areas after TRH (.61) was greater than values of .13 and .30 reported by Tucker et al. (1974) for basal estimates of PRL and GH in mature bulls over a 10-day period. Similarly, the repeatabilities of the basal concentrations of PRL and GH in this experiment averaged only .27 and .37, respectively. Whether the induced release of PRL or GH in immature animals will be related to subsequent productive traits must await further study. Koprowsld and Tucker (1973) found a negative relationship between baseline concentrations of serum PRL and subsequent milkinginduced releases of this hormone. However, in a previous study (Wetteman and Tucker, 1974) and in the oresent study. ~reater concentrations of basal PRL were associated with greater peak heights after administration of TRH. These findings may suggest that milking-and TRHinduced releases of PRL are acting through different mechanisms. It should be noted that pre-TRH concentrations of GH also were positively correlated (r = .60) with magnitude of GH peak after TRH.
In addition to dose of TRH and endogenous concentrations of PRL and GH, route of administration of TRH affected the magnitude of the peak response of PRL and GH. Peak heights of PRL and GH were much more rapidly attained with IV as compared with IM or SC administration; however, the total response areas of PRL and GH were not different after IV or SC injections. Thus, when a prolonged hormonal response is desirable, the SC or IM route of administration of TRH should be the method of choice. However, whether target tissue responses to prolonged releases of PRL or GH will be greater than that achieved after rapid releases of the hormone as a result of IV injections is not known. Furthermore, whether responses after an IV injection will be any more related to subsequent productive traits than patterns observed after IM or SC injections remains to be studied.
